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'viipat-iti . .irttii efficient com ..* :-<.•; usage. j<te, filit*;-. *ir.L tlse. 
la-jera*-» jp'ire-ticoa of tise pxo.vs*w£ xc ao\; 3eees;*ary , &vi. b; acaniiliag 
he caau i. f ths uaer will yai i coat idej.ce to the jn,:t.i:i.> operation, 
!£i<» seeias o.r plating are pu?ai.'e3.-ed sn ssc wading o,'e.c* i.roa 
J3*2 Iscel plate center up the ihell sld;; &M coatiiiasuvg fj cii ti-.e 2»t 
desk to tie inner? bottom, if t&t.t exists ; ajie. finally :,&roach nbe 
bulkhead seams. 38k- sals li&xs "b<?e.i brofcx dews into se^'ioi-*.. cn-J. i-he 
longitudinal* Hithia those aert La*ss art i&dexcd in tat. fo—lowlag, 

BKSnG?. 

The bottom ahsjJL is .labeled .tica -tj. ; ic fSi'St 

longitudinal bein«; indexed *,3 (10. l) &-ud eoj.iim.L-J tl.c ^v l-3^ total 
auHfesE 1 of loasituolz,aXn for ta&t "jectijru The ,302:'; &€&ti.w« up toe 
shell slle is labeled, section -#11 5 the aura is #12,.« oritlaiiiag uatil 
the main deck is r^aehedo USte desks &rs labeled as &£-ctJoti #1 Io:<* 
ths xrain deck, section #2 for the ueccad, continuing £o* uul >ue dfcc&s, 
th*i inner bottom is indexed ag one more tk&a the arMbrr o:? dtciis* 
Again the longitudinals follow tbe sex: xogio cs lac; tids. l*ie:«:fore, 
(3>T) signifiea the seventh longitudinal on the b^iid dec!: 'By? 
bulkheads begin with the index of "21" f * 2 the tlmt bulkhead, aa& 
continue for all bulhhs-.ads. Agaia the Icx^itudir&ls &vn labeled as 
before. Before operating the parograp, a afcetch she u 14 be prepared 
ao sa£/ confusion will be alleviated. 
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T&tf actual operatic** begins v/itfc the locates;; of the 
progjp&si into the computer coze u.-z shcwc. belov* 
USAEGC !<& 3TP PIff TA? SOB CYC BUK SID 

Presently the jrc&raia is set cc de^.^r g r.ercfeajat snip^ -unci 
ill piineip&l dissensions are arranged to fit A.B.S*. ctips.. T&e Inojt 
dace existing now con be codified. Tfeeccx'iputer will print a 'Coasaexit 
.shoving what syrcbols .can be changed at each Interval, said the changes 
i&v be Blade. 

This is £cnc lb^ setting 'tile symbol reprGsca^isifc fclta quantity 
to be clanged equal to toe new value » For er^£iple ? (jUJP ~ 500) means 
that the leagth between pevpen&icul or 3 will be 500 11;,. 

T&e iBforo&ticL telling which t»ectiQa& a3?e to be transversely 
fratecd is contained in a vector called TRASS? q if sections 1, 2, and 
JUL are to be transversely ixaajed, the array is filled by typing 
"TiRARSV(l) - 1, 2, 11"' Any section number raay be included on the right 
side of the equal sign. 

Longitudinal bulkhead inforssation is contained In & two- 
dimensional array called "3HB (I, J)"* The rows (I) are the sequence 
of bulkhead (i<>e., first,, second) wh: 1 le the columns (0"), contain 
data describing the location of the bulkhead* If the operator wanted 
two bulkheads, and the second were 10 ft. fran the center line, lying 
between decks #1 and #3, he ^ouid type "3133(2,1} - 10, 1, 3," 
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An inner bottom Is provided by typing; IB - $YKS$j if no 
inner bottom is desired then type; IB = &N0$. As each interval of 
data inpit is finished, the operator mist type an asterisk (*). 
Psferencs to the sample session at "t&e console will clear up any 
confusion found in the xnanaer in whicn date Is introduced. 

At two Intervals in the design of the eoo:.dJjaate system*, the 
operator ssay stop the program to look at the scantlings. This provision 
is only to he used if the coordinate system is being revised, and 
provides a quick look at the locations . In any event, they will be 
printed out at the end of the program., so it is best to skip theia now. 

Control is removed from the operator until the end of each 
cycle, whereupon he can make his decision as to which set of thicknesses 
to use for the next cycle; or if the desi^ is satisfactory, he may 
choose the final thicknesses and stcpc Eie final scantling design is> 
printed and the program is ended. 
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F'U'hi rrffti 3^ 






i \ 






NO 



V 



< 



(or) 



A decision Is ranch 
f "vdienevei^' sta cement ) 




Y 




pjjj-. 



1=1 




TOTST8 



'( 



_Z 1 



An iteration; for eaaaapie, the 'tJiroMgh loop' 
'/here I 13 initially set to 1 and th> itera- 
tion is performed until 3 is £Teater than 
TOTSTR. 




Ttee enclosed values? are calcula-ced. 



e:jk< 



\ 



Subroutine (BUK) £3 executed. 
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Cu.a'tairtxakioQ froa previous p&gs 1 




Continuation co &e2:t pegs 



Print out of data 



Read La Data 



( ) 



Beginning or end of each subroutine 
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(MI-) i t ie ikput io*q calling ^rograu tt executes »toe 
■lubrou tines and contains* all of tfoe necessary input da&a for the 
opera r ion of th? pro^ra-3. . 

(MN.) first clears ttii .ilmalatetl tapeu oi auy existing, dala 
computed from previous runs and then set? the va.'iies fee the following* 

Young's reodila i, leisgtSi between perpendiculars, beeu, iepth, 
draft, number of decks- heel angle, deudriee, fra.oe spicing, web 
jpacing, midship section coefficient, height- of center vertical keel, 
block coefficient, yield stream, number of bullsfeeads , the depth, area, 
height of neutral axis, moment of inertia and section modulus of the 
ba3ic 8 tiff ener, bending moment, limiting bending stress, bilge radius, 
number of longitudinal bulkheads axi tfce midship half section, and tike 
width of cargo hatch. 

Tire required ship section modulus iz determined accordj_ng to 
the Load Line Regulations and is calculated by the subroutine (PEQSEC.) 

To change any of the above existing da'ca, there are two program 
stops which, permit new jjiput data to b* read into cat: computer. Rete* 
to the section on program operation for further clarification of the 
main program. 
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LIjT pF aYlGtilJl CAIC >iA!IjD__a^ jg) 



a(i; 

ABASIC 

B 

BILL 

BM 

CB 

CBILGE 

CBU 

CVK 

CX 

D 

D3ASIC 

DDRISE 

E 

EM 

FLBOT 

FRSP 

H 

ffilTCHO 

HB 

H3EL 

IB 

IBA3IC 



Array of numbers from (a), Sect. ^3.15 - 17(cj(5) 
used in calculating ZBBQo 

Asfea cf basic stiff easy. 

Breadth of ship* 

Linear length of bilge « 

Beading zRomeni: of ship os wave. 

Block coefficient* 

Height of bilge center above keelo 

Standard cache r. 

Height of inner bottom* 

Midship coefficient. 

Depth of ship. 

Depth of basic atiffene^-. 

Dead rise of ship hull. 

Young's modulus. 

Function used in a buckling fcrsnula later in the 
program* 

Length of flat portion of bottom shell. 

Nominal longitudinal spacing. 

Draft of ship 

Half breadth of hatch opening* 

Half breadth of ship, 

Eeei of ship used in. calculating inclined water head 

Inner bottom 

Inertia of basic stiffener 
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US7: OF &YMBCLS CIRCULATED Th t*&% 



ISP 

,JBEDS 

HBX3 

PHI 

a 

3IGUM 

SI@1AY 
TRAUSV(I) 

TWS 

WSBSF 

YBA3IC 

ZBSQ 



Length between perpendiculars- 

Hiniber off longitudinal bulkbsa&s on sail section. 

Ntusber of strc&stfr decks ol ship. 

Axtgle of deadrise^o 

3,1*06 

Bilge radius. 

L&aiti&g primary bending stress* 

Yield, strength of steel used, 

Array coasistin^ of the outers of sections to be 
transversely framed, 

'Tveen deck height. 

Spacing of web frames* 

Distance from sbeJUL to neutial axis of bf:sic 
stiffens?. 

Section seoculus of sftip required by (l), 
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(TAP.) is .1 subroutine \ihtc * reads and m*3.U>.s PEOPCO (XjJ;, 
and XLL(1,J) onto 3 lamia ted tapes i*t various points In the program in 
order to conserve storage locations in the memory cos. of the computer. 



(REQSEC.) is an internal function vaich calculates tnc 
required laidsnip section Eitx3ailus according to tne Load Line Regulations 
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ARRAY Xj 
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iSEAD. 



3 is an intera&l fLinction which calculates w,ter head, 
using t&e horizontal and vesrt&eal eeordjtu&tss of & point oc the fcaxll 
geometry as inputa. 

Tfe* internal function is executed by (STF.) «jad {PLT. ), &&d 
calculates tvo values cf he-ad for each coordinate: Th*' head vfcea the 
ship is heeled thiyty degrees aud the heed in way of the w&v* or2et- 
The larger of the tvo values ie selected as the water head «wid it 3 a 
not to lie less than 5.25 feet, 

UST OP SYMBOLS CALCUIATBD IS (5&U> ) 



J2JCUED Water head on a structural me£3>er ifhea thettAp it?. heelei.1 

30 degsrees.. 



Vfc v ;er head on a atsractural meeker in way of s. wave «rcsst 
HM1H H&nfteum water head cf ?.2£ f«t. 
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IN» T E RKlKL "^UKjCT \$M HEAP,(X^) 



9TART 



'■ 



y 



V/H& — «,&*■ L.EPJSO-6, ~V 















a7 



S1F. 



CSTF.) calculates the l*agifcudLcal fmst, sgaeisig i* a&ch 
aestjta ©f the ship, detenaiaea the fc©rl:s©atal wad vesical c©©^loitcp, 
ssaaared tvm the keel, of the l**gitud;Iml atiffienei?a, and calculates 
tJus vatev head on each stiffens locotlsa* 

The girths #f each «ectica are first caajputcd and thsa & 
neaital l«agitudieal :ft?a» epsjeiag 3 s deteroinee so that the lasgitudiEal 
atiffeasjre &re equally apsced •& eadb aectiea sad as Hear as peesifcle, 
hiit not ftxaeedlstg, the input franc ap^oln^, 

Sarfc, the .leneituaiaala are located ©a each sectita tawed *n 
the special fer that ace-felon, aad the xu, {tarlsoatal; and iLL (vertical j 
coordinates are calculated. With these ccordinatea, the wntei- heads en 
each stiff ener are commited by the eubraitlne {H3&D.}. 

Far sections that are trsu2sv&reel^ txw&&, thus* having no 
longitudinals, XLL, YLL sad the water hea&j for the sactdoaa are oet 
equal to zero at the end of this aufcrouti&e. 
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Y&BOLS CALCULATED Iflfr'TF^ 



AiPHA 

BSIST 
BILtfTS 



C9UMT 
D3LEA 



DKET(2; 
FKDIY 



Angle Lieasuring, distance of inner bottom from center 
point of bilge turn. 

Xnc^^nztnted sum of frame spaces oq cv.e builsaeadp , 

Xrxrenented sun of fiaiis spaces on bulge turn. 

She aceuisulative sum of longitudinals in wieil side* 

Incremented angle between longitudinal upper bilge 
turn. 

Array of th* deck heights above the keelo 

The first ostiJ2ate of the number of longitudinals 
in a section, 



GAM&.(I»J) Angle of longitudinals on bilge turn up ';c inr.ej* 
bottom. 

GIRTH(l) Array of all ihe section lengths* 

3MAX Maxiiao water hoed chosen, 

HDfZH Minimum water head possible* 

IEHB Inner bottom half breadth 

UJCLHD Head on longitudinals uhsft ship is inclined. 

LC<j>UBT(l) Array counting the longitudinals in each section. 

LHD(I,J) The water head on each longitudinal* 

LLLO Accumulated sua of the longitudinals in Section 10* 

LL11 Accumulated sua of the longitudinals in "-See? lion 11. 

LLDK Accumulated su 1 of the longitudinal* on the decks , 

LL1B Accumulated 3ua of the lorgitu dinalti on the inner bottom , 
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SYMBOLS 1AICUIATED 



S(l) Array of all the frame spactags JLn •ocft section. 

SDIST Ifee inc*esente«i frame spacisg of each section on 
the shell side, 

SDVAK An integer whioh has the value K3)KS uhen the ship Mb 
no In&ftX botton and the value I!BX3*1 when an inner 
bottom exists. 

32233 A", incremented length at bilge bottom, similar to 
BILGTHc 

SIPGTH An incremented length in section 11 on the bilge turn, 

SUM A quaaity describing several incremented totals used 
through out the program. 

TDIST Incremented fraiac spacing seen on the top decko 

TEMPL Tke distance between the last longitudinal on the 
bottom shell and FLBOT. 

T^EALL £he total number of longitudinals on the half section. 

WHD The wsve head on the longitudinals * 

XLL(lgJ) "X" coordinate of longitudinals, 

¥LL(I,J) "Y" coordinate of longitudinals. 



30 - 



: 



-v^tv-G r < r 



\\U§^ "Z\ 



( START )r~*\"riiJz 



4 curl 



-^CilRTHiii) 



x=z. 



M,V*KA* 



j \EWg. 






ES 






GIRTH (I) 



y 






3IWS»« 



^ 



^ 






VE* 











j 



T™ ^~<\&*£?. 



>(<2> l ^'^j}-" 



/ 




vVS5 



i_f» 






«*r j CUT j 










"*™ SOW) 



_ y*1 



^LBO>T 




/" :zxzr 

XLL(\0/X> 




L__ — I^^TWt^ 




& 



V*^H"'<" < 



xci^-* ,<£>, 










f*' 



LLIO "j 

y Lie i5^.) 

ALLpoyQ | 






\ 



t 



JT&MPL 1 



XDinV&^H 



SiKTHllsjK 



lXWT.LgS<l 






fej 






Lbf-j£ u '•'iiiiil 



_~ 



Kii^TH(0 ! 




.—.j 



XE>l£T ,_J 




.\Lu(n.'i.> 

XDVVT 



|yLL(M,Wtt) 



32 - 



c 



"V 



>— 






L^o K ^"jh~" 










SUM* 
C4>D KJ If 

I 






JRTH&^^ 






COUNT 



t-h 



^.Q^SSiJsEi 






f vuix 5 5} 

C#U KIT 




fllawFwT CO 



SUM .6^ 



KLtCljlO 



Y^£& is^fr sct) 



CCDOMF 




t 



J 



us>K$.e.t>^S— 



^pj 



U 



W . ™^fc»! 



|t0I5T |- 






-^-.U ' 



j *^ lb* L>- \^ *V* /"*>■ -*/ 



v 









! X=3 



» 7- J 










—5s*y 






_gg^o^ 



^W^" 




/wKvti PIT - " i 






'FUnV 




I II ■ T ** r - f 




u 




j MV -"\^ l ..8v\o(t: l y> 



"T" 



NBHDS 








JBD\ST 









Zk « 



V 







35 - 



(Kfrrufcw^ 



(¥IX.\ 



"PUT" is a ff.ibroit^.ns vbich aecosmlaaa ell vc gi.csne;ric 
properties that depend upon the pl&te s&).^, Uhen e^c*ruion of :hLi 
subroutine has been coapleted. the co^rdiaate agr&teu lot all. len^i- 
tudirsl continuous material it. she hid? hip section la : LsecL and the 
program ?x ready to beg.^n. the scantling selection procedure. 

The first step ii the execution of the "PLT is the fixing; 
of plate vldths. The fceel, center., Margin., sheer, bej and stringer 
strake widths have been calculated in Ref , ( j according to -33 rule.:. 
The relations obtained tire v.sed by this subroutine u> ipr-ase - : the values 
of these plates. Hext, a standard plate width based upen ship length 
is selected for all remainirg plating. 

When a standard size has been selected, the nest step is to 
test all seam locations for interference vith the stif tte&er; mose 
coordinates have baen fixed, The keel ^late is checked first and 
corrected if interference occurs, then the center strata? is made to 
equal the heel width. The remaining standard plate widths nust now be 
cnanged to a nonlnal else which yields an integer number ox" plates on 
the shelly the decks anc t on the bulkheads q Mass* every litrcke width 
has been determined. It regains now to check each one for inter » 
ference with stiffeners end tc store eway all data neede.a by subse- 
quent subroutines* 

The shell seams are first exes&ined. The distance along the 
shell from the center of the keei for each strake top Is found; checked 
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i.g-ilact ^tiffeaei- in -erf c re. is ^.. ui& caiia^ed if jjeec&E*j.ry . Ifext tne 
coordinates or the seons and the w tcr !i«*id on ifceL. i<j: calcinated. 
Th-s area, moment and inertia constants »ure also calculated for u»ie 
later in th£ program . 

Deck ? inner bottom, and "bulkhead plates are '.."xeiaiaed in a 
sequence similar to that of tie shell 'The Oistans of eac~i faeaei from 
the deck side or bad. "bottom is found and checked against interfere ace, 
Then tfee coordinates, water hmd, and area moment aal inertia constants 
are found, Oaace these quantities are calculated;, the program returns 
control to the main program. Before this is done* hovaveT, it is 
possible to obtain a print out of the data calculattrd t?i this 
subroutine. Refer to the chapter en program execution for the correct 
method. 
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»-!^L-2f-«J^£d'£ir ^."cul >: c. Lr. (Fli'j 



AC ,J) &xea soasfcrat of \7"ta j>is.tc- .-. c ( --ive.. .. $ . a* 

length of i lets. 

BBSTS(I) lumber of rtaraJras oa Vth 'jfoi. 

COirei Key to prix.t addition! dc la 

CIH&TR Width of center stroke on loner "ixtte i 

mSTR(l) Kuaber of stja&es on I"th deck. 

FJ!A(J) Aagle between seuu. oa bilge, similar to "3&tt|i ' •la 'SffiF'" 

HSEAM(J) Water head an "J n th seem 

IC(J) lEterfcia ejeataa* of "J"th plate 

keel Seel plate width 

Margjja Width of margin plate on loaer bottom 

ftiC(J) Moment constant of 'J'&h plate 

HEMPUT Length of all plating on shell except KBEhj SHIER, T^S-Oio 

SEAM(J) Ifee linear distance from the top ecam of t**e r J ' plate 
to the Kee2 » 

SHEER Width of sheer plate, 

SHELL Linear length of jU. plat lag 021 shell 

SHLSTP. Kuzober of plates oa shell, 

SPAKST The plate to be associated r/ith each stiff caer. 

STDPLT A nominal asaumad standard -yldth of plt'ts to fee- decadent 
on ship length. 

SHRSTR Strinjer plate 

SUM1 Accumulated sura of GU33 , n(X) up tae side frccai the keel. 

TODK Number of plates on ail the decks 

TOCSSR Accumulated sum of all the platea oa the half section. 
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■St Oj. G/iLOO ri . • 



TPSTR r Jop strake 

WBDSTRCl,, Koaiaai wlfitk of uavsh plate a *"'! : th j}_* 

WOKSl k K(l) loaiinal width of ^sfe plate cfc the Tfc a«*fc 

WSSLST Eoa&rJU width j? each plato en shciL 

X SEAM (J) "X" coordinate af ' .J"th cenn 

Y SEAM (J) "Y" coordinate ;>f B J"t& so,un 
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(AM1STF. ) oaleulateg tlw total arcst, Liaawit esd inertia 
of the stiffened abcrat the base line, 

Uslug the vaIu? of proportionality constant for c&sla 
stiffened la-cat ioa detenstaed is. {S&PNER.), t&e erca, 8>*Rcnt &n& 
inesefcia of eaefe stiff enes* is calculated* The 3eesu.lt log values fa* 
*ac& stiff ecer can be added, fciace they w*re take/, atcat t&e ss&ae 
baoe line, tfeud giving t&e tot«l ajrea, lament cud taenia of all tbe 
atiffeaers, 

LIST OF SYMBOLS CAItfUXA'HBD JD3 (ASflSTF. 5 



A£?EP Total cross^sectimal area *f the loagitudir.a.1 stiffeaeirt 

at the mldsLip section. 

ISTF Masaent of inert i'-i of the cross? -nee tloaatl arec of tfte 

langitudinal at i traces* about tixe base line. 

MSTF Interxisi l>endi»g so&:e»t of tSw? ercas-seeticsal area of t&e 

longitudinal fitiffeners about the base line. 
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AM3P1E 



(AMXH£») calculates the total s«v?6i« affluent and luertia, of 
tfce plates about the base lies. 

Using t&e values of asrea constant, msesent constant aud inertia 
constant calculated In (PLC.), and the current value of plating 
thicknesses 4n tae sub^cycle^ the ar**, noraent and inesrtia of eeah plate 
about tile baee line is calculated. Tfce result tag values «.re added., 
glvlcg tiie total area, aocieat as/* inertia of rJLi plates about t&e 
base line. 



LIST OF SYMBOLS CAI CUIA^ fl^AMXHff.) 

APLT Total croes-Dectional area of t&e plating at -fcne isidsbip 

section, 

ZPUS Me&ent of Inertia of the offocs^sectlonal area ©.£ the 

plating about ta© bass line- 

MPLT Internal or resisting; bending «©t*nt of the c?»ss-sectien&l 

area of the plating about tbe base line. 
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ly* -it'll "~ , .. l_ • ^ . _ . -;w I 

the 6*ib*ifiutine -* , ; . ■• :. - 

proparfclcwaity constat c? tits >hub!c :■ .^ a u« ■*« v i ^ . ; *,> 
required ascfcior* r.ji'-ul.^ «?: a pJAic-*^- i.: .- er jolic..^; c*. 

TEMP XXrsay variable equal to «he . vunc-rtioi:^ ...v^- caa#cent. 
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or ■-- I, ^' -*c. ^ .t. 'fcA'Ji: 't. . o .». i.*.vtg& 

f aeitttli: .'. '...Jl'lVie r%o>irs .\ .* v-a.c*i .'. » i i.x^z a> .. 
tion to ^iilts'fcfcjsai the a axiseoB *tr?s3e;j ■ 

Whenever (STiHCgR.) iw* execute fey $CYC). the ftcoiAillfefi. tea <. 
•the atlfiVsners, vater Sfca&Sj plate i naaad aftscztacsd trifch each 

stiffens;.' location., ant; the ot-r*8«ee foaf the cur5.*«nl su^-vrj-els are 
It is the purpose of tJhis subroutine to determine tiw ;: 2c.a: red sfciffeau 
scantlings « 

A scale factor or prrporiior.a.lity eosiatant, it^V'/CO ; baaed o'i 
the geacetry of the "basic s bif f ener ecd an effectiit: plat:: uidth of 
60 x thicteess 02: the longitudinal fwam spacing, whieluiver is less, i» 
used to determine the gecse-tric properties of the j-oqjuiaresii stiffener. 

For each stiff ener .location arid its nsscci&t.cd plircs 

thicknesti, (STFNER.) calculates fifteen values of flection raodulus for 

each plate- stiff ener cos&ination, by us leg fifteen different, values of 

PROFCC* In effect, a curve of section modulus versus proportionality 

constant is generated for each stiff ener location. The actual section 

modulus required to resist the stresses in the current suh-cycl« is a 

point oa tile curve. To design a ship "chafe approximately sheets the 

American Bureau of Shipping Rules, a section aodulua required by tfrs 

Rules, MDDABS, is initially selected as the minimum rscuired section 

modulus of the plate- stiff ener combination. V. r ith this initial value of 

MODABS, the subroutine (llfTSRP. ) interpolates the section rsoduluc versus 

proportionality constant curve to determine the PBOPCO associated with 

the initially selected value of MGEJIBS. With this value cf PKOPCO, 

(STSISER. ) calculates the properties of the stiff enervate combination 

for that stiff ener location. 
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■'■-.■ t-fc: wjiL P'j :&<i tr* uret usu. :' ^oiwe .'i .s 

'^o'^iula iu. ecioxncvi 1. ._ u.,i ?..-,±^ c_ii . 

?he section rsadiuus, OdiSj jC on Ti-uoshei -j'a ^oivaO' . -■ ... L'ucctv.ar: c 
the geometric properties 01 t bw-stiffencr carfcituticu and 
applied loads. Thus, corresponding to t8e ii/ifUJ. /alus :a »' 0E&3"-i ard 
2RQPC0, a vali:© cf see ./ion racd* luc, 22jM, is calciu -U .'. by TlnoshezLko ' 3 
Formula. T^ree possible situations ei^ijt at this poisro: 

I* ZT1M equals MQEABS 
II o ZJT1M less than M0BAB3 
III. 2JX1M greater than K0MB3 

In case I, vaen 2T1M and M0DAB3 differ by no; maze than C.J5, 
MODABS is considered to equal ZT1M, and is the required section modulus 
for the plate-stifi'enes.* coirbination. 

In case II, since ZT1M is less than the ASS value, MQDABS 
governs and the value of PBQPCO associated with hSODABS, is the required 
one. 

In Case III, when ZI1M is greater than F£M£S, ZT1M must be 
the governing section modulus. But the value of PROPCO was determined 
from the initial value of MOEABS and does not correspond to 2T1M. A 
new value of MOMBS is chosen such that the value of FHOFCO determined 
by this new value of MODABS also corresponds to the value of ZT1M» To 
converge on a solution, the mean value between ZT1M and M0BAB3 is 
selected as the new initial value of I-SOMES. A greater value of PROPCO 
results, and the two section moduli, 2T1M and MODABS based on this new 
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3S.ia lubroir^ae ie e 1 a* far, Ci"C.) 1* 3*»ci o resins frc 

•fchit'Aqsesr-i-a c, &atj - . ,- 4 c .n-xer i.&'c, 

Ba£h plate fcas two possible gcrCJR^iC ..i^. '^„i» - .a - c: 
the transversely fraxec and longitudinally framed tr^»1 ons each <r*<i 
a separate .stress dls : .£ ibutioa. She subrotftiae £k/u£3!EF.) .:• called to 
calculate the maxir-yAH stress associated tilth estta *«eiio:i; this fcllL 
be the stress upon the plates in the transversely freiKu sections. 
Otherwise, the stresses calculated in (STHSS1.) are uc=d ts a basis 
for the longitudinally fraiaed sections. Those stresssa ii. (STRESlo) 
are associated vith each seam. The stress on each plate is deter- 
mined frori the maximum of the tv*c seam stresses. 

The array CCL is next itlled uith the placing thicknesses 
based upon formulae that approximate AB3 rule recjuirespenta (Kefo Eo* ), 
using the stresses described above* These thicknesses are those 
necessary to meet the stress schedule set up in the current sub<*eycle 
being run la subroutine (CYC.)o 

Several different ^ r alues are used to calculate the 
thicksesses of each plate* Since the program is currently set to meet 
raerchaat criteria, soiae plate scantlings depend upon the location, and 
upon the ASS rule requirements. The fomaalas for the center plate, 
keel plate, sheerstrake, stringer plate, and top strako are presently 
all special cases designed to meet ABS requjreiaents. A re-orientation 
of the long side in the longitudinally franed section requires a new 
formula for calculating CO^ This is triggered by the oFograa when a 
section having no longitudinals is encountered. 
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; *- :, -'~ ~ ' - '" V \kXoj: 'u La ted ja the ias*t aub^cycie 

in subrc -t e it J- 

T i2 - UOj + ^ ^ ^ )/ (WT - 1) ( 3 ) 

T.p = New thickness cf ith plate. 

T = Old thickness of ith plate. 

CO, - Thickness of ith plate juat calculated based 
upon local lateral load. 

WT = Weighting function associated with ith plate „ 

The weighting function is used to prevent the change in 
thickness durin? each sub*>eycle from becoming too rapid, thus upsetting 
tiie cycling procedure,, 

The iteration for each plate ia each oub«eycle, once the CO. 

array is coir<pleted, consists of three 3teps. First, a correct weight^ 

ang function is determined. This functicn is designed to perait the 

most rapid change or plate thicknesses is each sub»cycle to cccur on 

plates which will not be changed hy the linear extrapolation program. 

These are the plates furthest from the fibers which are found to have 

plates ^liose primry stress is above the liniting steps The second 

step is to fill ;he second coJ.u&a (T, ) of that six column array 

described in (CYC.). This in done in accordance with formula ( i )o 

At the first calling oi this subroutine by (CYC ) the initial thicknesses 

are calculated. This is signified by setting the value of COUIJT equal 

to .10. For this ease there is no set of thicknesses in column one of 

the array to be averaged, so column two ta set directly equal to the 

thicknesses based upon local lateral load* The last step is the replace- 

ment of column oce by tJie new tbiekne£5,:>es in eoiussn two* These are how 

the new initial thicknesses io be used in the next eub-cycle. Conirol 

is returned to (CYC.)o 
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LIST OF SYMBOLS CALCULATED IK (THKHES.) 



C0 ^ J ) Ths P late taiclae^s baaed ipon lateral load. 

TCl, CYCLE) The tbicfcaeas used fox- each aubcycl* of (CYC}. 

2(1, CYCLE + 1) The thickness found freer, the weight 3d avenge of 

T (l, CYCLE) and C0(J}. 

The weighting function for each plate. 

The aaxiinun sea.ni stress associated *ith eack plate 
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ICC i. .' .". ... . 

fyste^ « .^d ■ 'r-IA'-j - f'a ? _■: a, : 

tSt'ciyj^^iea , ^rbitrara.iy : w--.^ v»,o t - , r* ,««'■ r J- «•■• ,: 

atresj; _ ;&e sessatiinirs &rc j~-e . t xci"X*. s«. * r.r .. ^ : «. e 

imich meets all c trees ur±ver& ki - '. : :'. 'si £«:«©i v - «tt.2.* .al 
cycling procedure is rather iapvlvad, c u trjttfaUxad rim £eai£a mhJuzj. 
in its entirety, an uniersta£.&ir.;; of Micb airi -cycle &a.\ Its j-lbce n 
the overall sebe?ne of the nain cycle is sudatory. 

TJ^e uiltiOKte aim of c-&ch muin cycle in (Ci'C.) is to sutisf^ 
the Uniting primary bending stress cm the hull girder. Cycle #1 
begins with the selection of &n arbitrary set cf initial thicknesses as 
mentioned above . This .job is dose by subroutine (7.74KJS3.) based on it 
stress schedule set up by (SXKSSle)* The stiff enev scantlings are now 
determined by (STPH23.) based upon these stresses fou^d in (STfKSS.)- 
Subroutine (AK1PLT.) sad (AMi&TE) determine the area, assent, &-i& 
inertia of this initial set of scantlings asd now Cye'o }fl if eves to a 
sub-cycle which designs the scantlings to reals - late: • 1 atre3S due to 
static water head. (S2HES1«) emi (S1'ISJ2« ) set up & atreas achedula 
based upon areas, Bjorasnts, and inert i**5 of previously cilv^lated rer-l^T 
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rtili'enei scanvx^c^&. 'rk* < ?_ ^- i i_ i . ..ita'njt 

refincineac is accG&pii'hed. 

The sext step is to attempt to ^itiarj U£ priory herding 
stress using the thicknesses found by the static hc*d requirement. 
2his will be called Cycle A, and refers to the part ex' th3 cycle which 
increases the thicknesses of plates that lie on the cutir fiber. Cycle L 
uill refer to the cycle which attempts to satisfy the pria&ry "bending 
stress by increasing plates which would buckle under the current 
stress schedule. A trigger is set that tells (CYC.) which cycle Is 
being executed. Whenever the quaaity METER is set equal to 1, Cycle A 
is being executed, but when METER equals 0, the subroutine is perform- 
ing Cycle B* Cycles A and B both sake use of a lineai program to 
increase the area of the xaidship cross section to reduce prinsary bending. 

The array T , is #feoyn in Fi& &s having si?: columns, and a 
number of rows equal to the number of plates on the cross- section, The 
first column is the thicknesses of plating needed to resist lateral load. 
!£he remaining five eolvunns are set equal to the first, in order that the 
linear program /nay operate upon the array to chsnte the thicknesses for 
an optimum stress decrement. 
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L - r > L = 6 




T = Platea belev aeutr*! axiH lacr««»ed by ii*«*P 

T = Plateo abeve neutxsi axis increased by Xiaeas? 
extrapelatlea. 



L = Column Index 



FIG. 2 
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-«■ i Jl 61- . » .3 . .. ,. ., A r o H i£f J .-.2 

incremeutea increasi* >.j -u. .i ,,_ x>cr • o: ue oo o:n pit* ix^ iu 
eoluma ? an I to the -&cp pi«.tlag a ,. iia«ir<r Lrt'OBi"*« 
calculal'ss Ghe unit effect or these increi2«a\;s md 3l »li.ys sh*> results 
la columns 4 through t. C^laca '* is ■*** sets ffa« top thicknesses 
causing a stress decrease in the top- Column S is the new bo? ton 
thicknesses causing a stress decrease la the bottom fibers. Column 6 
has new iop end bottom thicknesses fo?° & decrease in. stress at both 
the bottom and top. 

Column, k through 6 are check© 1 against t.^e listing stresses 
from Column 1. 

(TOPSTRCl) and ;BOTSTR(l)) to find ufce twrreet coIueu to uat 
as the one vhieh lowers the stress for the best attesgyt to satisfy the 
limit stress. 

If Cycle A is he-Ja*; run, the top (T. .. ) or bottom (T. , ) 
sections of the array are plates which are specifically designated . 
They are the bottom plating v.p to the bilge top, tke shear, top and 
stringer strakes, end the oain deck plating. In Cycle B, tfec jtfatea 
arc the top plates which would buckle <ind th>.. bottom plates which \;oal<2 
buckle. During Cycle 3, subroutine (LUK.) 1 called to find which 
plates, if any, would buckle for use ia the . ^uear prCijrajcu The secern 
time it is called to handle a case vhsss the Limiting stress is sati"* 
fled, but scene plates still buckle. 
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ijioe G t cv3 A «cd j;^. 3 fHi 3,».'.*, r .vAd«.:*fc, tu/J 24.nl '->l"r«a oioa 
gained frac? C;, r cle A suai be itemed wraij Cycle £ £3 Upon coiapletio:. 

of Cyel* B, tit result^ o.f bsta A *j 1 5 are jaliiued foi tb*' >le:ii£jas»L to 
make a decision on which set c :' thicknecjea should bs act.& &3 ^hc 
ialtial ssi iji Cycle 2. If fcfe« deaisga process ia to be ';encinated, 
subroutine (EHB*) is called for final p- int out of t.'ie design * For 
recycling, all neeeasny^ quani'iies are Initialled and control is 
t.i*ansfey3r;d back to ths refining suhcyclc for further lcfcersl instability 
calculation. 
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±JA. 

ar(i) 

ASTIF 

Bnrra 

BOTSTJR(l) 

CCWT 

CYCLE 

CYCLES 

BEF1 

DEF2 

DET 

DT 

XMERT1 
UIERT2 

nmnA 

321(1) 

ISTIP 






'Jc-ajL re ->«. .. ir^ . .. ^ 

^rea o. plate X s s»kJ ecu.* 

refipor&ry t!tov%>gr of b 'i; ic-i.t,, 

lfexlaua differ* Gt:e-, ix.t* r e; : -i r-n^.s: 1 an*JL ic»ti*jl 
plate fcuc&liusj strtss-. $x cjcle ii . 

Maximum difference bet;«rt*a rehired aa.i actual 
plate ru5.l-J.ing tttrmsin cyclj L; 

Beading streaa en booto.it flcei*> aices completion ot 
tfca refining eruo-cyele. 

A counting device to trigger ewrfcein operations. 

A count of the desired coluaa in T(l,J)o 

Tfee current «aa cycles of itererfeicn. 

Current deficiency in top stream 

Current deficiency in bettor* et^'e 3 

A deteriainant In thia linear pr^v.M... 

Sasall Increment In thi^loaefis oj. plates at 
designated lecaciung for linear prugros. 

Total. n?offisat of inertia at end of ojele Ac 

Total iaoasent of inertia at end of cycle B. 

Current iioi&al moment of inertia of cross taction. 

Moment of inertia of each column in T(I,J). 

Teisrporary storage of stlffener inertia:; . 
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IMD1J2 
MEIER 

MODDK 

MODDK1 

MOLDKL 

MCDKL1 

MOMEKT 

MO(I) 

MQM2 

SlGSl(l) 

SlGlSV(l) 

SlGL3V(l) 

STOP1 

TL1M(I) 

TOPSTB(l) 

TSAVE(l) 
TS(I) 

X ll 
x 22 



■<•'--..-, \ nl-arj e . lag s.t «* >j > 

Deficiency ic prisjfl ^ lies tiuj ■• ss.za *X end oi ; .< 

A counting device sncvl&s wither v^le A or B Ls 
running. 

Section modulus to dceL. in cycle a. 

Section modulus to deck in cycle B, 

Section suxlulus to kcol in cycle A. 

Section modulus to keel i*i cycle B. 

Current total moment o:f cross suction. 

Total Eccment of each eoluren in a*(l,i). 

Total faomcstt at end of cycle A a 

Total moiaent at end of cycle B» 

Stress on each plate from ejele B. 

Stress on each plate from cycle A* 

Initial stress on each plate in eaci nain cycle. 

Trigger to act upon designer's decision. 

The eolurm of T(l,J) used in cycle A. 

T&e bending stress on the top flter upon completion 
of the refining sub-cycles. 

The initiel. thicknesses for cycle A. 

Tee initial thicknesses saved for cycle 3o 



Coefficients of the restraint mat r 5.x in the linear 
program. 
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n(U} 



vp 



COM 



in col: 
^(5) Acrucd izuronac lc Gibiefcnsrr? of t w top fivers Ir. 

y2 C5) Actual focreuLee Is foicfcntfss cf t'-.e fcofct-ca. iibu-s 

.'jc. column s. 

Yl(6) Actual lacrosse ia tolckri ug c- p 'Use top fibers 

coliu-m 60 

^2(6) Actual imivmae ia thtcJmess of ttie bo'-t^ f j.tKr.3 

in CClU2!iS r>. 

"SEA Ehfc neutral axis of tHo cross section at cite end. 

of each c.vcla. 
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This subroutine teet# the pX*te thicknesses, ebtalned fram 
local lateral leading <?cr instability under -the applied e«apres*sive 
stresses «, 

The subroutine ia called by (CIC. ) and egoist £ ®f two 
Bala parte; «ne that tests the longitudinally fraa^d seetien® f©r 
buckling and the other that teste the ir&nsversely framed ©ecticsns 
for buckling. 

F©r secti&ns that sra longitudinally frsiaed, th«j critical 
buckling stress, SJGBUL, is determined far each panel by Bsyaa's 
Ffcraaiia. The current panel thicknesses are used in the fernal*, sad 
when tu® plate seams lie between lengltudiaals, the gnibrautifje 
selects the thickness of the thinner plat* to be used* 

The actual prte&ry stress. 31GB£L, 1b calculatf/d as the 
stress ©n the point of each panel fxurthest from the net? teal axis. 
When S1GBKL is less than S1GBUL« the panel thickness ruaaalas a© the 
current value TB» When S1GBKL is gre&ter than SUBTAJL, the current 
panel thickness is Increased t® the spssa value between the current 
panel thickness, TB, and the required thickness, TL(J), the thickness 
reouirad to vithctaad SIGBKL* Mhtan SiGBKL has been decreases to 
within 100 poS.i- of SlGrBUL, the panel is considered to satisfy the 
buckling stress « The factor cf 100 is used to prevent excessive cycling 
la the cflejputar. 
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F©r sections that are tiwaavegTseay fmaed, the prizaary stress 
acting ©js, a panel is calculated by the subroutine CMAX£3?R* ), which 
determines the isaxiisum compressive stress ^ S1GB&T; acting <m each 
transversely framed panel. The critical buckling stress, SlGBUU, is 
calculated fey Jfeatgaaerie * » Formula* SXC-BUT is calculated fer each 
plate coEprising the panel, assuming the panel ceaaists only af that 
plate thickness. Thus each current plate thickness within the transit 
verse pe&el is tested for buckling. If SKE3K3? is less than SIGBtfT, the 
plate thicknesses remain as the current thickness T(I,,L). If S1GBKX 
is greater than S1GBUT, the plate thickness is increased tc the mean 
value between the current thieksess T(I,L), asd the required thickness 
TL(J), the thickness required t© vitbeta&d S1GBKT. Whss S1GBKT is 
within 100 p.s.i. ©f S1GBUL, the panel satisfies buckling. 

(BUK. ) is executed at three points ia the programs at the 
beginning of Cycle B, and at the esA of Cycles A a&d B* At the 
beginaiag of Cycle B, (BUX.) determine© which plate panels buckle* so 
that the linear program in (CYC.) k?§,<a\?s which panel thickaesses to 
change, (BUK.) is executed at the end ®f Cycles A and B t© determine 
if any plates buckle after being changed fey the linear program* 

F©ur passible situations exist when (BUK.) is executed at 
the end of Cycle A and B. 

2f> Limiting stress satisfied and no plates buckle. 

31 c Limiting stress E©t satisfied and s.o plates buckle. 

2JI. Limiting stress not satisfied and plates fcuchle. 

IV. Limiting stress satisfied and plates buckle. 
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In cases I and II* tl\e thicl&e&ses eateri&g (EJK,) ass? 
returned t© (C^C). In caae III, (BUK.) JLacrc&ses tha tM^lSwesses ci 
tiie plate.* tbftt buc&Le 3js Vs& i«iaaer described previously,, e.h<2 tns* 
tfcickzisaiKes aare returned to (CSC), I» «&3C? IV, {BUK. ) will cycle 
until ail plate© uatisfy the lsv.ckl;i}g stress. Tfce tMc.&ie* ses •£ t&s 
psaeis t&at "buckle are Iccrsascd isi the K&*a&£3? previsrja-ly ciescrribecL 
TkQ esw era-ss«8eatisnai ares piropar^iea ef loiagttea&Iaal e«ptlt£ucftxs 
SEeabere &r© calculated "bjy (AHJEHJP. ,< a*d (AMISS?.)., 6*4 the n<° • ' r-e»2 
distribution is deteralaed by (3XRES2»}» *«* stiff encs* s«a» ags ars 
calculated by (SXFSER.) ead t&&a (THKKi5S>) lis eKSffutcd vs fceeg tSie 
plate tfclcfcaeseeft up«te«date yitfe the c.«?w strese ee^e&BJL-a . The sew 
stress distribution sucl pas^l tfaicfcResa ztz are retaK*4C& -io th.e 
"bes^nwlTtg ef (SUK.), wfcere re-»cycllsg wears. Oatly after ell plate 
tMckea©£&8 meet tiie instability retjuirsseuta will cycliag cssage, and 
c©atr©l returns t« (C3TC.)- $W *11 s*a»fc«, viiea tfce peswl ('hi-s]s&&ttses 
are returned te> (CYC.)j the/ are prists out ua&er tbe fceacisfie.: 

"gglggiQ _GQVg^3 n fox Cycle A and 

" BOCKLfflG OOVKRSS for Cycle B. 
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US? CF Sti&bt*: CMCL'LtXsZ K Mb ' 



BE 
BCfS{VL) 



D-iiisnsiafic ef % plats pas^l in 1:1m?? w'.^i U"«.*» lead. 

.%a2£.lE&3ia dAffcTe&ce b*w«»»Q fc&te sstuol ima •c^jtlwal 
buck! log stress aetj.«g «a e. panel* 

BiESReies ©f a plates p&'jel p:-rp£EacLiciilcr .» thst load, 

Tt-e cuaibffj? of » plat« wfeicsi ia lscate-a belaw ttr 

neutral axis and buckle®. 



BT 

CEG(I ) 
CO(I) 



T&s t»tal nunber of plat*s vfricfe as-© Xseatsft st?l»w t&«* 
neutral astla sisaci buckle. 

Th* auEbe-? of & plate thc^ buckle© , 

Tfce csnstaut "K n ^*ed ix» Bias's Foirsula cL^ca ie a 
function of ib* edgft restraint condition a»d the feoun&a^n 
es&ditions - 



S1GBKL Applied prJca.XT' stJ^eas acting oa a laa^tfrsdioally fftaaed 

panel,. 

S1GBUL Critical bu«ldJLag »trsai? fl«t«rsalacsd fycaa If.Tyaa 3 * FOTEula., 

SldKTT Critical bur^lixsg ftp^se determined from MaatgcEi-t-jri© k s 

Fsarsala. 

T3 Actual tbioin^ae of a longitudinally firaaed panel* 

TL{X) Required t&ickaesss of a lacjfitii&lijally ©^ t'tfsuaiivexaely 

framed paiswl to withstand - -r^prwsL" tve Ic&diag. 

TOP(K) Tto© nuaaber of a plate v&-icfc is located above the seutral 

axis and buckles. 

TOICHG Total msaber ef plates tfcat buchls. 

TP Tbe total Kumbesr of platea yhlcL are leeatsd absve tbe 

neutral axle and buckle. 
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